Background: Diabetes mellitus complicates 1% -2% of all pregnancies, and associates with high perinatal morbidity. Gestational diabetes mellitus (GDM) is treatable condition, and women who have adequate glycemic control during pregnancy can effectively decrease the adverse outcomes of GDM. Objectives: This study was designed to compare the serum fructosamine, and the glycosylated hemoglobin (HbA1c), in monitoring the glycemic control in GDM. Patients and Methods: 1516 women with GDM included, and were advised for dietary modification to achieve proper glycemic control. If the target glucose levels were not reached by the diet regimen or by the dietary modification, insulin was prescribed for the studied women. The average values of the pre-and post-prandial glucose levels were calculated, and the insulin doses were adjusted to achieve the target glucose values during the antenatal visits. HbA1c, and fructosamine were measured to assess the glycemic control for the studied women. Results: The fructosamine, and the HbA1c were significantly high in the uncontrolled GDM compared to controlled group, and there was positive significant correlation between fractuosamine, and HbA1c in monitoring the glycemic control in GDM (r = 0.93, and P = 0.001). The
Introduction
Diabetes mellitus (DM) complicates 1% -2% of pregnancies, and associates with high perinatal morbidity [1] . Gestational diabetes mellitus (GDM) defined as a glucose intolerance of any degree discovered for the first time during pregnancy [2] .
Infants of diabetic mothers exposed to adverse outcomes including: metabolic, respiratory, cardiac disorders, perinatal asphyxia, and birth traumas [3] .
Macrosomia is the most constant consequence of diabetes, and its severity is influenced by the maternal blood glucose levels.
Pedersen-Freinkel's, suggested that the fetal macrosomia in DM is due to the trans-placental transfer of maternal glucose, which stimulates the release of insulin by fetal pancreatic beta cells [4] . Insulin increases the insulin-like growth factors, with subsequent fetal macrosomia.
Ostlund et al., and Ong et al., demonstrated definite link between maternal glycemia, and neonatal macrosomia, and/or fetal fat mass [5] [6] .
A recent analysis of data from WHO's Global Survey on maternal, and perinatal outcomes in 23 developing countries described the prevalence of macrosomia, as one of the main complications of maternal diabetes [7] .
The Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study showed positive association between maternal glycemia, fetal hyperinsulinism, and fetal body weight [8] [9] .
The infant of diabetic mother is at risk of transient hyperinsulinism, with subsequent neonatal hypoglycemia [10] . Crowther et al., and Landon et al., re- ported that the rate of intravenously treated hypoglycemia babies of diabetic mothers was between 5% -7% [11] [12] .
GDM associated with risk of neonatal persistent pulmonary hypertension [13] and myocardial hypertrophy has been reported in both pre-gestational diabetes and GDM with a wide range of frequencies (between 25% -75%) [14] . Open Journal of Obstetrics and Gynecology
The most common cardiac malformations reported in infants of diabetic mothers are transposition of the great arteries, hypoplastic left heart syndrome, and ventricular septal defects [15] .
The risk of perinatal asphyxia in GDM (5-min Apgar score < 7) was 1% -2% in a study including more than thousand neonates of GDM mothers [11] . In another study, the reported umbilical arterial pH < 7.2 in GDM group was 15%, compared to non-diabetic controls [16] .
Poor maternal glycemic control increases the risk of adverse neonatal outcomes, and perinatal morbidity [3] . GDM is treatable condition, and women who have adequate glycemic control during pregnancy, can effectively decrease the adverse outcomes of GDM [17] .
Fructosamine is a marker of glucose control reflecting the average glycemic level over the preceding 2 -3 weeks [18] . Consequently, fructosamine may be more appropriate marker for monitoring early response to treatment [19] [20] .
Fructosamine has been proposed to monitor the glycemic control for diabetes during pregnancy [21] , in low-resource countries [22] , and countries with high prevalence of sickle cell diseases, and sickle cell traits [23] [24] . So, this prospective study was designed to compare the serum fructosamine, and the glycosylated hemoglobin (HbA1c), in monitoring the glycemic control in GDM, and to evaluate the perinatal morbidity associated with GDM.
Patients and Methods
This prospective comparative study was conducted in the Obstetrics department of Al-Sabah Maternity Hospital, Kuwait over 3 years (January 2014 to January 2017), after approval of the study by the institute ethical committee.
Women between 20 -35 years, and 24 -36 gestational weeks, singleton pregnancy, diagnosed with GDM according to the International Association of Diabetes, and Pregnancy Study Groups (IADPSG) criteria (fasting blood sugar (FBS) ≥ 5.6 mmol/dl (126 mg/dl; random blood sugar (RBS) ≥ 11.1 mmol/dl (200 mg/dl), and HbA1C ≥ 6.5%) included in this study after informed written consent.
Pregnant women with hypertensive, cardiac or thyroid disorders or refused to participate were excluded from this study. Pregnant women with established DM type 1 or 2 or renal disorders that can affect serum protein levels (nephrotic syndrome, liver cirrhosis) were also excluded from the study.
The studied women subject to thorough history including; the age, parity, and gestational age at the diagnosis of GDM, family history of DM, previous history of intrauterine fetal death (IUFD), macrocosmic babies, neonatal death (NND), and/or recurrent miscarriages (RMs). The calculation of the body mass index (BMI) for the studied women was followed by baseline investigations according to the hospital protocol (complete blood picture (CBC), liver, and kidney function tests).
Studied women were advised for dietary modifications, and nutritional in-M. M. Farghali et al. Open Journal of Obstetrics and Gynecology structions of three meals, and three snacks daily with pre-designed diets according to their body weight. Total calories/day were calculated according to 30 -35 cal/kg of the body weight, and diet charts were given to the studied women. If the target blood glucose levels for glycemic control (FBS ≤ 100 mg/dl (5.5 mmol/l), and postprandial blood glucose (1.5 hours after meals) of ≤126 mg/dl (7 mmol/l)) were not reached by the diet regimens. Insulin was prescribed for the studied women to achieve the desired glycemic controls (combination of analysis was used to detect the relation between the glycemic control in GDM, and adverse outcomes. Multivariate regression analysis was used to detect the relation between fructosamine, and HbA1c in monitoring the glycemic control in GDM. P-value < 0.05 considered statistically significant.
Results
One thousand-five hundred and sixty five (1565) women with GDM recruited at the beginning of this study, and the study was completed with final analysis of the data for 1516 women (1123 controlled GDM, and 393 uncontrolled GDM).
There was no significant difference between the two studied groups regarding the maternal age, and the gestational age (31.5 ± 4.8 years, and 28.4 ± 2.5 weeks;
respectively for the controlled GDM group versus 29.3 ± 5.6 years, and 29.3 ± 2.9 weeks; respectively for the uncontrolled group). The fasting blood glucose (7.6 ± 6.1 mmol/l versus 5.8 ± 6.8; respectively, P = 0.005), the pre-prandial glucose (8.3 ± 2.2 mmol/l versus 6.2 ± 2.9; respectively, P = 0.04), and the post-prandial glucose (10.5 ± 3.1 mmol/l versus 9.2 ± 3.6; respectively, P = 0.002) were significantly high in the uncontrolled GDM group compared to controlled group. The serum fructosamine (462.5 ± 119 µmol/l versus 337.4 ± 132; respectively, P = 0.007), and the HbA1c (8.4 ± 5.8 versus 7.2 ± 6.6; respectively, P = 0.001) were significantly high in the uncontrolled GDM group compared to controlled group Table 3 .
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The polyhydramnios rate (17 (4.3%) versus 13 (1.16%); respectively, P = 0.0001), and the cesarean delivery rate (124 (31.6%) versus 238 (21.2%); respectively, P = 0.001), were significantly high in the uncontrolled GDM group compared to the controlled group. The fetal macrosomia (11 (2.8%) versus 5 (0.45%); respectively, P = 0.0001), the fetal anomalies (9 (2.29%) versus 4 (0.36%); respectively, P = 0.0004), the IUFD (9 (2.29%) versus 3 (0.27%); respectively, P = 0.0001), and the NND (8 (2.04%) versus 2 (0.18%); respectively, P = 0.001) were significantly high in the uncontrolled GDM group compared to the controlled group. In addition; the neonatal intensive care unit (NICU) admission (25 (6.36%) versus 24 (2.14%); respectively, P = 0.0001), the neonatal hyperbilirubinemia (15 (3.05%) versus 12 (1.07%); respectively, P = 0.0005), the transient tachypnea of the newborn (24 (6.1%) versus 23 (2.05%); respectively, P = 0.0001), and the neonatal hypoglycemia (18 (4.58%) versus 15 (1.34%); respectively, P = 0.0002) were significantly high in the uncontrolled GDM group compared to controlled group Table 3 .
The Odds ratio (OR), and relative risk (RR) analysis for the current pregnancy outcome showed that; the polyhydramnios (OR 3.8 (95%CI; 1.9 -8.0), P = 0.0003; RR 3.7 (95% CI; 1.8 -7.6), P = 0.0003), the cesarean delivery (OR 1.7 (95%CI; 1.3 -2.2), P = 0.0001; RR 1.4 (95%CI; 1.2 -1.8), P = 0.0001), and the Open Journal of Obstetrics and Gynecology fetal macrosomia (OR 6.4 (95%CI; 2.2 -18.6), P = 0.0006; RR 6.3 (95%CI; 2.2 -17.9), P = 0.0006) were significantly high in uncontrolled GDM group. Also; the fetal anomalies (OR 6.5 (95%CI; 2.0 -21.4), P = 0.001; RR 6.4 (95%CI; 1.9 -20.7), P = 0.001), and IUFD (OR 8.7 (95%CI; 2.3 -32.5), P = 0.001; Open Journal of Obstetrics and Gynecology RR 8.6 (95%CI; 2.3 -31.5), P = 0.001), NND (OR 11.6 (95%CI; 2.4 -55.0), P = 0.002; RR 11.4 (95%CI; 2.4 -53.5), P = 0.002), and NICU (OR 3.1 (95%CI; 1.7 -5.5), P = 0.0001; RR 2.9 (95%CI; 1.7 -5.1), P = 0.0001), were significantly high in uncontrolled GDM group. In addition; the neonatal hyperbilirubinemia (OR 3.7 (95% CI; 1.7 -7.9), P = 0.0009; RR 3.6 (95%CI; 1.7 -7.5), P = 0.0009), the transient tachypnea of the newborn (OR 3.1 (95%CI; 1. -.5), P = 0.0001; RR 2.9 (95%CI; 1. -.5), P = 0.0001), and the neonatal hypoglycemia (OR 3.5 (95%CI; 1. -.1), P = 0.0004; RR 3.4 (95%CI; 1.7 -6.7), P = 0.0003) were significantly high in uncontrolled GDM group Table 4 .
Multivariate regression analysis showed positive significant correlation between serum fructosamine, and HbA1c in monitoring the glycemic control in GDM (correlation factor r = 0.93, and P = 0.001) Figure 2. 
Discussion
Serum fructosamine has been proposed to monitor the glycemic control for diabetes during pregnancy [21] , in low-resource countries [22] , and countries with high prevalence of sickle cell disease, and sickle cell traits [23] . However, serum fructosamine is not commonly used to monitor the glycemic control in diabetes as HbA1c [24] . So, this prospective study was designed to compare the serum fructosamine, and the HbA1c, in monitoring the glycemic control in GDM, and to evaluate the perinatal morbidity associated with GDM.
One thousand-five hundred and sixty five (1565) women with GDM recruited at the beginning of this study, and the study completed with final analysis of the data for 1516 women (1123 controlled GDM, and 393 uncontrolled GDM).
There was no significant difference between the two studied groups regarding the maternal age, and the gestational age, while, the mean BMI was significantly high in the uncontrolled GDM group compared to the controlled group (P = 0.007).
Hillier et al., conducted their study to estimate the relation between the maternal weight gain, maternal glucose, and the fetal macrosomia among GDM population, and they concluded that women with abnormal levels of glucose tolerance had greater risk of adverse outcome with weight gain [25] . Hillier et al., in another study concluded that the excessive maternal weight gain is a risk factor for all ranges of glucose intolerance [26] .
In this study; the Odds ratio, and relative risk analysis for the previous pregnancies outcome showed that; the IUFD (OR 4.0; RR 3.8), the fetal macrosomia (OR 5.0; RR 4.8), the NND (OR 8.7; RR 8.5), and the RMs (OR 3.8; RR 3.7) were significantly high in the uncontrolled GDM group. The Odds ratio, and relative Table 4 . The odds ratio, and the relative risk analysis for the current pregnancy outcome.
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Odds ratio (95%CI) P value Relative Risk (95%CI) P value risk analysis for the current pregnancy outcome showed that; the polyhydramnios (OR 3.8; RR 3.7), the cesarean delivery (OR 1.7; RR 1.4), the fetal macrosomia (OR 6.4; RR 6.3), the fetal anomalies (OR 6.5; RR 6.4), and the IUFD (OR 8.7; RR 8.6) were significantly high in uncontrolled GDM group. In addition; the NND (OR 11.6; RR 11.4), the NICU (OR 3.1; RR 2.9), the neonatal hyperbilirubinemia Open Journal of Obstetrics and Gynecology A WHO's Global Survey in 23 developing countries described the prevalence of macrosomia, as one of the main complications of maternal diabetes [7] .
Matthew et al., concluded that the treatment of GDM substantially reduced macrosomia at birth [27] . Singla et al., concluded that GDM should be treated aggressively, and women with GDM are at increased risk for adverse perinatal outcomes [28] .
In addition; Kc et al., reported that the fetal macrosomia is a common adverse outcome of GDM if unrecognized and untreated properly [29] . Kc et al., concluded that the fetal macrosomia increases the risk of shoulder dystocia, clavicle fractures, brachial plexus injury, NICU admissions, cesarean delivery, postpartum hemorrhage, and vaginal lacerations [29] .
Kerényi et al., found strong association between large for gestational age (LGA), and maternal fasting glucose, compared to weak association between
LGA, and 2-h post-prandial glucose in a population-based screening program of GDM [30] . Kitzmiller Crowther et al., reported 1% -2% risk of perinatal asphyxia (5-min Apgar score < 7) in GDM [11] , and Langer et al., reported an umbilical arterial pH < 7.2 in 15% of GDM group, compared to non-diabetic controls [16] .
In this study; the multivariate regression analysis showed positive significant correlation between serum fructosamine, and HbA1c in monitoring the glycemic control in GDM (r = 0.93; P = 0.001).
Since, the hemoglobin life span is closer to 6 -8 weeks, and the HbA1c reflects the average glucose concentration over the last 6 -8 weeks [33] . HbA1c assay is not suitable to assess the glycemic control in diabetic pregnant women, with short red blood cells (RBCs) lifespan [34] . Vitamins C and E have been reported to lower HbA1c measurements, possibly by inhibiting glycation. Concomitant use of drugs to treat patients with malignancies, human immunodeficiency virus or hepatitis C virus infection, may have a glycated hemoglobin lowering effect, with false negative result in the glycemic control.
In addition; alcoholism, lipidemia, and chronic ingestion of salicylates may also reduce the level of HbA1c [35] . HbA1c higher levels can be seen in people with a longer RBCs life span, and people with vitamin B 12 or folate deficiency.
Kilpatrick et al., showed evidence of wide fluctuations in HbA1c between individuals that are unrelated to glycemic status, suggesting that there are "low glycators" and "high glycators" [36] .
Fructosamine reflects the short-term diabetic control, and its assay requires small sample volume, and the results are resistant to storage, and heat [17] .
Fructosamine reflects the short-term diabetic control, and combination of fructosamine to HbA1c gives a dynamic advantage of increasing the glycemic control in GDM.
In addition; Macdonald et al., suggested that the fructosamine levels are useful if routinely used to monitor the glycemic control in diabetic practice [37] .
This study concluded that the fructosamine assay was simple, reliable, useful indicator for glycemic control over the last 2 -3 weeks in GDM, and there was positive correlation between fructosamine, and HbA1c in monitoring the glycemic control in GDM. In addition; this study concluded that poor glycemic control in women with GDM increases the risk of adverse maternal (polyhydramnios, and cesarean delivery rates), and neonatal outcomes (fetal macrosomia, fetal anomalies, IUFD, NND, and NICU admissions).
The strength of this study is coming from the prospective comparative nature of the study, and inclusion of large number of women with GDM (1516) over the period of 3 years (2014 to 2017).
Women refused to participate, incomplete records were the limitations faced during conduction of this study. Further studies needed to confirm the value of fructosamine in monitoring the glycemic control for diabetes during pregnancy, Open Journal of Obstetrics and Gynecology especially in low-resource countries, and countries with high prevalence of sickle cell diseases, and sickle cell traits. In addition; national, and international programs needed to increase the awareness of diabetic women that strict glycemic control, and delivery in tertiary centers with proper neonatal facilities can reduce the adverse fetal, and maternal outcomes.
Conclusion
Fructosamine assay is simple, reliable, useful indicator for glycemic control over the last 2 -3 weeks, and there is positive correlation between fructosamine, and HbA1c in monitoring the glycemic control in GDM. Poor glycemic control in women with GDM increases the risk of adverse maternal and neonatal outcomes.
